reagent grade.
Solvent-extraction procedure
Equal volumes (10 ml) of the aqueous phase containing, the desired concentrations of Zr(IV) or other metals, and the organic phase containing the extractant, Cyanex 272, were equilibrated for 30 min in glass stopped bottles using a mechanical shaker. Preliminary experiments on the kinetics of metal extraction showed that equilibrium was achieved within 20 min of contact. After phase disengagement, the aqueous phase was separated and its metal concentrations were estimated by the XO method. The concentration of the metal in the organic phase was calculated from the mass balance. All of the experiments were conducted at room temperature (30 ± 1˚C), except for those involving a temperature effect.
The distribution ratio (D) was calculated as the concentration of metal present in the organic phase to that part in the aqueous phase at equilibrium. When required, the metal concentration in the organic phase was determined by stripping a suitable aliquot with dilute HCl, followed by an analysis by the XO method.
Preparation of solid complex
A Zr-Cyanex 272 solid complex was prepared by loading 0.005 M Cyanex 272 in chloroform by repeated contact of fresh portions of metal solutions (0.001 M) for 30 min. Finally, the loaded organic (L.O) phase was separated and filtered through a Whatman phase separator (1PS). The diluent from the L.O was removed by a rotavac pump, which resulted in the formation of a semi-solid metal complex. A drop of the Zr(IV) complex was kept on a KBr pellet and placed under an IR lamp to completely evaporate chloroform. The IR spectra of the extracted metal complex and pure Cyanex 272 were recorded for a comparison.
Results and Discussion

Extraction mechanism and species
The extraction equilibrium of zirconium(IV) from hydrochloric acid solutions with Cyanex 272 as an extractant may be represented as
where Kex denotes the equilibrium constant and (HA)2 refers to the dimeric form of the extractant (Cyanex 272). It has been reported elsewhere that these extractants will exist as dimers under the present experimental conditions: 18, 22, 23 
Where D = .
Taking the logarithm of Eq. (3) and rearranging,
Analyzing the experimental data of the distribution ratio (D) as a function of the H + ion and the extractant concentration at a constant value of other parameters allows an estimation of the number of extractant molecules associated with the extracted The effect of the zirconium concentration on the extraction process was investigated using Cyanex 272 (0.005 M) from hydrochloric acid solutions (0.01 M). The extraction of zirconium(IV) was found to be independent of the metal-ion concentration in the aqueous phase. A log-log plot (Fig. 4) of the equilibrium organic-phase metal concentration against the aqueous-phase metal concentration is linear with a slope of 1.0, indicating the extraction of the mononuclear species into the organic phase. The species extracted into the organic phase appeared to be ZrO(HA2)2.
Effect of salts
The effect of salts, such as NaCl, Na2SO4, NaNO3 or NaSCN, was studied in the concentration range of 0.5 -2.0 M on the extraction behavior of 0.001 M Zr(IV) from 0.01 M HCl with 0.005 M Cyanex 272. In the case of NaCl, the percentage of extraction steadily increased with increasing the NaCl concentration. The percentage extraction was 39.8% in 0.5 M, and reached 54.8% in 2 M NaCl concentration. In the case of Na2SO4, the percentage of extraction was 40.8% in 0.5 M, salt, and reached 79.6% in 2 M salt concentration. In the case of NaNO3, the percentage of extraction started at 60% in 0.5 M salt concentrations and reached 97.3% in 2 M salt concentrations. In the case of NaSCN, the percentage of extraction started at 83.6% in 0.5 M salt concentrations and reaches 100% in 1.0 M salt concentrations, favoring better extraction of Zr(IV) than the other salts (Fig. 5) . The enhancement in percent extraction in the presence of added salts may perhaps be due to a common ion effect as well as the presence of mixed metal salt species, that makes the metal more favorable for extraction. At a given concentration of the metal, extractant and acid, the percentage extraction followed in increasing order as NaSCN > NaNO3 > Na2SO4 > NaCl.
Effect of diluents and temperature
The extraction of Zr(IV) from hydrochloric acid solutions number is given in Fig. 6 . It is clear that the zirconium existing in the aqueous phase was extracted into the organic phase up to the 7th contact. An analysis of L.O showed that it contained 246 mg l -1 Zr(IV).
Stripping studies
In any commercial extraction process it becomes imperative to back extract the metal from the loaded organic phase.
Zirconium stripping from a loaded organic solvent system, Cyanex 272 (0.005 M) containing 246 mg zirconium(IV) was investigated using various stripping agents, such as HCl, H2SO4 and HNO3, in the range of 0.1 -4 M. The results are given in Table 2 . In the case of HCl as a stripping agent, the percentage stripping increased with an increase in the acid concentration, and reached 12 -30% of acid up to 4.0 M. With the addition of 1 -5% H2O2, the percentage stripping was unaffected. In the case of H2SO4, the percentage stripping increased with an increase in the acid concentration, and reached ~90% at 4.0 M acid. From these results, it is clear that H2SO4 is the best and HNO3 is the poorest stripping agent.
Recycling capacity of Cyanex 272
Studies on the recycling capacity of 0.007 M Cyanex 272 for the extraction of Zr(IV) were carried out by first loading the extractant with an aqueous phase containing 0.001 M Zr(IV) and 0.01 M HCl. Single-stage extraction gave L.O containing 76.3 mg l -1 zirconium, corresponding to a 99.8% theoretical efficiency. This L.O was stripping with 0.1 M H2SO4. The regenerated organic phase was then used for extraction. The results revealed a practically insignificant change in the extraction and stripping efficiency of extractant up to ten cycles of extraction (Fig. 7) .
Comparison of the extraction behavior of Zr(IV) with other associated metal ions
The extraction behaviors of hafnium(IV), aluminium(III), titanium(IV) and iron(III) (0.001 M each) were investigated as a function of the hydrochloric acid concentration using 0.005 M Cyanex 272 in kerosene as an extractant. The results are presented in Fig. 8 . It is clear from these results that the percentage of extraction of Hf(IV), Zr(IV) and Fe(III) decreased with increasing acid concentration. On the other hand, the extraction of Ti(IV) increased with increasing acid concentration. The percentage extraction of Al(III) was nil.
Synergism
Blake et al. 25 used the term "synergism" to describe the discovery of a definite enhancement in the extraction of uranium by using mixture of acidic alkyl phosphate and certain neutral organophosporous esters. The resulting mixture giving a better extraction of uranium than either the acid or the neutral phosphate alone.
This effect is understood to be the replacement of one extractant in the extracted complex by the other, and also due to various other factors. This property of the Table 3 . In all three systems, the synergistic coefficient (S.C) values varied marginally with an increase of the synergist concentration. The results show that TBP is the best synergist (S.C = 0.56) and DOSO is the least one (S.C = 0.18). Thus, the extractants can be arranged in the order of their synergism as TBP > Cyanex 923 > DOSO.
IR spectra of a zirconium complex
The IR spectra of a zirconium complex with Cyanex 272 and pure extractant for a comparison were recorded. In the IR spectra of Cyanex 272, the bands in the region 2748 -1700 cm -1 are due to aggregative P-OH vibrations between intermolecular hydrogen bonding in the dimeric form. The band at 1170 cm -1 is due to P=O stretching and the band at 1048 cm -1 is assigned to a P-O-H stretch. In the spectra of the Zr-Cyanex 272 complex, bands due to aggregative P-OH vibrations in the region 2748 -1700 cm -1 are absent. The band due to the P-O-H stretching is also absent. These results suggest that when the dimeric Cyanex 272 molecule forms a complex with zirconium(IV), the hydrogen atom of P-O-H is displaced by Zr, thus confirming the proposed cation-exchange mechanism. Further, the shift in the P=O stretching band from 1171 cm -1 to 1000 cm -1 is indicative of the participation of oxygen in P=O group in complex formation through coordination. 
